Synchrotron light sources, arguably among the most powerful tools of modern scientific discov-9 ery, are presently undergoing a major transformation to provide orders of magnitude higher bright-10 ness and transverse coherence enabling the most demanding experiments. In these experiments, 11 overall source stability will soon be limited by achievable levels of electron beam size stability, 12 presently on the order of several microns, which is still 1-2 orders of magnitude larger than already 13 demonstrated stability of source position and current. Until now source size stabilization has been 14 achieved through corrections based on a combination of static predetermined physics models and 15 lengthy calibration measurements, periodically repeated to counteract drift in the accelerator and 16 instrumentation. We now demonstrate for the first time how application of machine learning allows 17 for a physics-and model-independent stabilization of source size relying only on previously existing 18 instrumentation. Such feed-forward correction based on a neural network that can be continuously 19 online-retrained achieves source size stability as low as 0.2 µm (0.4%) rms which results in overall 20 source stability approaching the sub-percent noise floor of the most sensitive experiments. 21 PACS numbers: 29.20.db, 29.27.Fh, 41.85.-p, 41.85.Lc 22 to compensate for ID-induced skew components [33]. Look-up tables are on average re-103 recorded at most twice a year and for a typical EPU require an entire 8-hour machine shift.
INTRODUCTION 23
Synchrotron radiation sources, specifically 3 rd -generation storage ring light sources, have 24 been tremendously successful tools of scientific discovery since the early 1990s [1] . As these 25 facilities mature, a new era of 4 th -generation storage rings (4GSRs) based on diffraction-26 limited storage rings (DLSRs) [2] [3] [4] [5] [6] [7] [8] is being ushered in. These sources will increase average 27 brightness by 2-3 orders of magnitude while also delivering high degrees of transverse coher-28 ence, for the first time even for x-rays. High coherent flux will enable scientists to understand 29 material compositions and dynamics ranging in length from microns to nanometers and in 30 time from minutes to nanoseconds. The most notable and direct result of the new beam 31 properties will impact two techniques in particular. Ptychography [9] will take direct advan-32 tage of an increase in coherent flux to decrease measurement times by orders of magnitude. 33 This will allow for the collection of complex 3D chemical maps with unprecedented resolu-34 tion and will lead to deeper understanding of electrochemical systems such as batteries and 35 fuel cells. The measurement of dynamics and kinetics to study chemical systems is another 36 category that will be directly impacted by the new sources. An emerging technique to study 37 this is X-ray Photon Correlation Spectroscopy (XPCS) [10] . Ptychography as well as XPCS 38 rely heavily on high beam stability over extended periods of time. 39 To large extent the success of storage ring light sources lies in their stability, resulting in 40 constant position, angle, and intensity of radiation delivered at a tunable wavelength with 41 narrow width. In order to maintain constant intensity, a combination of top-off injection 42 (maintaining constant beam current) [11, 12] and precise control over source position and size 43 is required. In 3 rd -generation light sources (3GLSs) the latter usually called for transverse 44 beam size stability within 10% of the rms electron beam size [13, 14] . Now however, first 45 experiments at these sources are starting to show limitations arising from such levels of 46 source size control and it is evident that DLSRs, operating at much smaller source sizes, will 47 call for significantly tighter control over source size stability in order to exploit ultra-high 48 brightness and transverse coherence.
49

STATE-OF-THE-ART STABILIZATION EFFORT AND ITS LIMITATIONS
A typical example for the above mentioned source size stabilization challenge is shown 51 in Fig. 1 regularization with λ = 10 −4 and a dropout with rate 0.2 was also used. The L 2 regularizer 146 penalizes the large weights in neural networks and the dropout reduces the "co-adapting" 147 between the weights [43] , which is helpful to improve the generalizability of the model. Difference between predicted and measured vertical beam sizes (bottom). In terms of RMSE, the NN outperforms the regression models by roughly a factor 3. size and the current combination of ID settings, we pre-screen 100 possible DWPs between 162 −0.06 to 0.06 uniformly using the NN. Evaluating 100 DWPs takes only milliseconds on a 163 single CPU, which enables us to implement this control at > 10 Hz. We select the DWP 164 which renders the beam size closest to the target. The selected DWP value is used in a 165 FF manner to adjust the skew quadrupole excitation pattern that generates the vertical 166 dispersion wave. The experimental result is shown in Fig. 3 . We turned FF control on 167 168 and off repeatedly to verify the effectiveness of our beam size stabilization approach. In this 169 example, when the FF is off, the variation of vertical beam size as measured at the diagnostic 170 beamline is 1.5 µm rms (3%) and 7.5 µm peak-to-peak (15%). When the NN-based FF is 171 turned on, this variation decreases to 0.2 µm rms (0.4%) and 1.9 µm peak-to-peak (4%). For 172 comparison with the NN-based FF, we also implemented a simple FB loop relying solely on 173 beam size measurement as an input and returning a DWP requested for beam size correction. of vertical beam size [18, 19] . Figure 4 shows Finally, Fig. 4 the online-retrained NN is <0.3 µm rms (<0.5%). This indicates a factor two improvement 230 over the originally applied static NN. In this case again, STXM scans confirm that this also 231 10 leads to a global stabilization of source points (cf. Fig. 5 right) . From these experiments 232 we conclude that online retraining ensures that source size can be stabilized over prolonged 233 periods of time without requiring dedicated machine time to retrain the NN or manual inter-
